Introduction
Following the discovery by Hay [l] that copper complexes of amines can catalyze the oxidative coupling of 2,6substituted phenols, yielding aromatic polyethers, much work has been done to clarify the mechanism of the reaction [2] _ Radical formation by the action of the copper catalyst, is now accepted [3] , but still unexplained is the reason for C-C or C-O coupling [4 -6]_ For instance, the conditions favouring C-O coupling for 2,6-dimethylphenol result in C-C coupling for 2,6_diphenylphenol and vice versa_ [ 
-9]_
We studied the oxidative coupling of 2,6-substituted phenols as a model reaction for polymer catalysis [lo_ 111 _ Using a soluble, non-crosslinked polymer as a polymeric ligand for the copper allows one to study the action of the catalyst and the special effects of introducing polymer ligands in a catalyst-We found that polystyrene, which had been partially substituted by dhnethylaminomethyl groups, yields, at an amino-nitrogen to copper ratio of 1, a more active ca*&yst for the oxidative coupling of 2,6_dimethylphenol than does the copper complex with the low molecular analogue, N,N-dimethylbenzylamine (DMSA). Moreover, the-activity of the polymeric ca&kuyst appeared to depend on the degree of substitution of the polystyrene. This dependence of the rate on the degree of loading of the polymer with catalytic sites is the subject of the present study. The steady state kinetics of the reaction can be described by the Michaelis-Menten equations [lo, 131: In cases of high degrees of substitution, flocculation of the polymer did not occur and NaCl was added_ After filtration and drying, the polymer was purified by reprecipitation from chloroform ir methanol and dried over P205 under vacuum_ 1-r. spectra showed absorption bands of tertiary amines at 2 810,2 760 and 2 700 cm-'. whereas the C-Cl absorption at 670 cm-l was absent_ Elemental analyses of the samples gave nitrogen contents as listed in 2,6diphenylphenoI was kindly provided by Dr_ H_ M, van Dart of AK20 Research Laboratories, Arnhem. 2,6dimethyIphenol was purified by sublimation. Analytically pure CuC12-2H20, 1,2_dichlorobenzene, and methanol from Merck were used without further purification_ IVJV-dimethylbenzykunin e was from Schuchardt and was at least 98% pure. R was stored on moIecuIar sieves. Tables 2 end 3 for the  oxidative coupling of 2,6_diphenylphenol and 2,6climethylphenol,
respectively_

Product pnalysis
For each phenol we measured the diphenoquinone formation at two temperatures after 100% oxygen uptake_ The results are shown in Table 4 . It is obvious that both C-C and CO ccupling occurred in most cases. As previously published by others for low molecular ligands [9] , here, too, the tendency for CC couphng decreases for 2,6_dimethylphenol on lowering the temperature, whereas it increases for 2,6_diphenylphenol.
It is also seen from Table 4 that the degree of substitution, Q, of the polymeric ligands hardly affects the fraction of C-C coupling_ 
Discussion
The rate constant k2 From Tables 2 and 3 , it follows that k2 as well as AH: increase by using polymeric ligands with a higher degree of substitution, a_ So, the reason for the increase of k2 with increasing Q is the over-compensating effect of the increasing activation entropy, AS: _ This was found for each of the phenols which we used, We shall first discuss the possible reason for this increasing AS;. During the activation of the copper-substrate complex one must consider those parts of the polymer chain situated between amine ligands in the same complex. The activation of the complex can be considered to involve a primary deformation of the copper compIex, as required for subsequent e-transfer by the Franck-Condon principle [ 131; in this case, probably a deformation into a configuration which resembles, more or less, a tetrahedron_ The activation entropy of this process should be dependent on the degree of substitution, CY, of the polymer if one considers that parts of the polymer chain must take up some definite conformation to attain this specific configuration around the copper ion_ Xt seems reasonable to suppose that the entropy of a polymeric complex decreases with decreasing chain length, i.e., with increasing degree of substitution_ This leads to a smaller loss of entropy during activation and explains the increase of AS; with (Y, as demonstrated in Tables 2 and 3 . The activation energy necessary for the above-mentioned deformation appeared to increase with increasing degree of substitution_ From Table 3 we see that AH; for the catalyst with the low molecular ligand, DMBA, is about the same as for polymeric catalysts with low vaIues of Q_ By increasing a we introduce more intra.moIecuIar crosslinks into the polymer coils, which means that the crosslink density increases. From the rubber elasticity theory it is known that the force required to deform a polymer network increases with increasing crosslink density_ Thus, the work necessary to attain a suitable deformation for e-transfer will also increase, which implies an increase of the activation enthalpy AH;.
It is clear from the foregoing that the polymer chains should not be considered as inert species in this type of cataIyst_ Therefore, the attachment of metal complexes to polymer Iigands must lead to changed properties of the complexes.
The Mi&aelis constant K,
From results such as those in Fig. 2 , it is obvious that the kinetics of our cataIytic reaction can be described by the simpIe form of the MichaelisMenten kinetic scheme. Then K,, known as the Michaelis constant, is some reciprocal measure for the affinity of the catalyst for the corresponding substrate: 
Conclusions
From our results it is obvious that a polymeric ligand can play an active role in the catalysis of the oxidative coupling of phenols. The copper ion, which is anchored to the polymer by at least two ligand groups, 'feels' the polymer chain situated between these Iigand groups. This finds expression in the activation of the copper substrate complex. The activation entropy increases with increasing degree of substitution of the polymeric ligand because of a more favourable configuration of the complex for e-transfer, but, at the same time, the activation enthalpy increases, since it will require more work to deform a polymer chain bearing more crosslinks.
It will be evident, from the derived eqns_ (5) and (6) for AE& and AS,, that conclusions concerning the coordination step of phenols to the copperpolymer complex cannot be drawn as long as separate values of k-l or kl are not known.
